GM-CSF promotes proliferation of human fetal and adult microglia in primary cultures.
Proliferation of microglia/macrophages is a common finding in many central nervous system diseases. To identify mitogenic signals for human microglia, we examined primary cultures of human fetal and adult microglia after stimulation with cytokines, colony stimulating factors (CSFs), or LPS, using proliferating cell nuclear antigen (PCNA) expression as an index of cell proliferation. The results showed that both M-CSF and GM-CSF induced microglial proliferation in fetal and adult human cultures, but that GM-CSF provided a much stronger stimulus. At 96 h post-stimulation, the mean PCNA labeling index was 2.4 for M-CSF and 13.3 for GM-CSF in fetal microglia; in adult microglia, the PCNA labeling index was 4.7 for M-CSF and 9.0 for GM-CSF. The effect of GM-CSF on fetal microglia was dose dependent and synergistic with M-CSF. LPS abolished the basal level of PCNA labeling in adult microglia, but in fetal microglia, caused a slight increase in PCNA labeling (1.9) at 96 h and consistently enhanced microglial cell survival and differentiation into highly branched cells. The production of GM-CSF in purified human fetal astrocyte and microglial cultures was examined after stimulation with LPS, TNF-alpha, or IL-1 beta. Unlike M-CSF, neither cell type produced GM-CSF in unstimulated cultures; however, when stimulated with IL-1 beta, astrocytes expressed GM-CSF mRNA and protein, which accumulated in the culture through 72 h. In microglia, LPS was the only effective inducing agent. An immunocytochemical study performed to identify in vivo sources of GM-CSF revealed selective labeling of reactive astrocytes in active lesions of multiple sclerosis and senile plaques of Alzheimer's disease. Our data demonstrate that both fetal and adult human microglia are capable of proliferation in response to CSFs, GM-CSF being the more effective stimulus.